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History	  of	  Cornell	  Injection	  Molding	  Program	  (CIMP)	  	  
	  
ABSTRACT	  
CIMP	  is	  a	  pioneer	  of	  interdisciplinary	  research	  in	  engineering	  involving	  university,	  government,	  
and	  industry.	  	  Started	  in	  1974	  and	  inspired	  by	  industrial	  needs,	  CIMP	  was	  first	  funded	  by	  NSF	  
and	  then	  jointly	  supported	  by	  an	  industrial	  consortium	  of	  major	  corporations	  in	  1978.	  	  The	  goal	  
was	  set	  to	  study	  the	  feasibility	  of	  establishing	  a	  science	  base	  for	  analyzing	  the	  injection	  molding	  
process	  which	  would	  have	  real	  impact	  on	  industrial	  practices.	  	  Due	  to	  the	  complex	  nature	  of	  
both	  the	  material	  and	  the	  process,	  the	  mission	  was	  considered	  impossible	  by	  many	  at	  the	  time.	  	  
By	  integrating	  and	  extending	  existing	  knowledge	  in	  the	  fields	  of	  non-­‐Newtonian	  fluid	  
mechanics,	  heat	  transfer,	  rheology,	  and	  with	  the	  invention	  of	  new	  instruments	  for	  material	  
characterization,	  the	  dream	  became	  reality	  after	  more	  than	  a	  decade	  of	  concentrated	  group	  
effort.	  	  In	  the	  early	  days,	  to	  develop	  a	  successful	  mold	  for	  mass-­‐producing	  plastic	  parts	  used	  to	  
take	  weeks	  or	  months	  of	  trial-­‐and-­‐error	  design	  and	  fabrication	  at	  a	  cost	  of	  hundred	  thousands	  
of	  dollars	  for	  so-­‐called	  mold	  trials.	  	  Now,	  it	  can	  be	  done	  not	  only	  better,	  but	  also	  in	  hours	  or	  
days	  on	  computers	  using	  powerful	  and	  accurate	  simulation	  programs.	  	  	  The	  knowledge	  and	  
technologies	  developed	  by	  CIMP	  are	  considered	  a	  game	  changer	  in	  the	  manufacturing	  industry	  
overall	  because	  no	  similar	  results	  have	  been	  achieved	  for	  other	  processes.	  	  The	  main	  reason	  is	  
that	  most	  manufacturing	  processes	  in	  the	  real	  world	  are	  too	  complex	  to	  analyze	  theoretically	  
and	  thereby	  results	  are	  usually	  lack	  of	  accuracy.	  	  As	  a	  result,	  academic	  research	  in	  these	  areas	  
have	  had	  very	  little	  impact	  on	  industrial	  practices.	  	  	  CIMP	  is	  acknowledged	  as	  a	  success	  both	  by	  
NSF	  and	  the	  industry.	  	  	  In	  fact,	  the	  resulting	  commercial	  software	  for	  injection	  molding	  available	  
today	  is	  widely	  used	  in	  industry,	  and	  it	  is	  a	  contributing	  factor	  toward	  the	  ability	  of	  industry	  to	  
put	  new	  products	  to	  market	  faster	  and	  cheaper.	  	  This	  is	  particularly	  true	  as	  applied	  to	  the	  
consumer	  electronics	  and	  automotive	  industries	  where	  product	  design	  changes	  more	  
frequently.	  	  For	  instance,	  the	  bodies	  of	  cell	  phones,	  TV	  sets,	  and	  various	  types	  of	  computers	  are	  
mostly	  made	  by	  injection	  molding	  of	  engineering	  plastics.	  	  Similarly,	  an	  increasing	  number	  of	  
parts	  used	  in	  today’s	  cars	  are	  made	  of	  high	  strength	  plastics	  in	  order	  to	  reduce	  weight	  and	  
improve	  fuel	  efficiency.	  
	  
Sibley	  School	  in	  the	  Late1960s	  
There	  were	  3	  departments	  in	  the	  Sibley	  School	  of	  Mech.	  Eng.	  in	  the	  1960s:	  the	  Dept.	  of	  Thermal	  
Eng.,	  Dept.	  of	  Mechanical	  Design,	  and	  Dept.	  of	  Materials	  Processing.	  	  The	  third	  Dept.	  was	  the	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smallest	  (only	  1	  tenured	  faculty	  and	  2	  technicians)	  in	  late	  1960’s,	  but	  occupied	  the	  whole	  
building	  of	  Kimball	  Hall	  with	  3	  floors	  of	  machine	  tools.	  	  Its	  main	  function	  was	  to	  teach	  a	  few	  
shop	  courses	  for	  M.E.	  students,	  but	  it	  had	  also	  helped	  train	  a	  large	  number	  of	  technicians	  for	  US	  
Navy	  during	  WWII.	  	  	  After	  a	  study	  by	  a	  special	  committee	  appointed	  by	  the	  Dean	  of	  Eng.	  to	  
investigate	  how	  manufacturing	  processes	  should	  be	  taught	  in	  the	  M.E.	  curriculum,	  it	  was	  
decided	  to	  merge	  the	  Materials	  Processing	  Dept.	  into	  the	  Dept.	  of	  Mech.	  Design,	  becoming	  the	  
Dept.	  of	  Mech.	  Systems	  and	  Design.	  	  This	  would	  be	  done	  after	  the	  last	  faculty	  member,	  Roger	  
Geer,	  retired	  the	  following	  year.	  	  	  In	  the	  meantime,	  an	  effort	  was	  made	  to	  recruit	  a	  new	  faculty	  
member	  who	  not	  only	  would	  have	  a	  PhD	  degree,	  but	  also	  some	  industrial	  experience	  and	  could	  
teach	  science-­‐based	  material	  processing	  courses	  and	  initiate	  research	  projects	  in	  the	  field.	  	  
	  
How	  Did	  CIMP	  Get	  Started?	  
In	  the	  fall	  of	  1970,	  Kuo-­‐King	  (K.K.)	  Wang	  was	  hired	  by	  the	  Department	  of	  Mechanical	  System	  
and	  Design	  when	  Prof.	  Howard	  McManus	  was	  the	  Head	  and	  Prof.	  Dick	  Shepherd	  was	  the	  
Director	  of	  the	  Sibley	  School.	  	  Around	  that	  time,	  the	  Eastman	  Kodak	  Co.	  in	  Rochester,	  NY	  was	  
developing	  a	  revolutionary	  new	  product	  which	  was	  a	  reusable,	  low-­‐cost	  (around	  $10	  apiece),	  
pocket-­‐size	  camera.	  	  	  The	  product	  was	  mainly	  made	  out	  of	  plastics	  by	  using	  the	  injection	  
molding	  process.	  	  	  The	  prototype	  product	  was	  successfully	  developed	  after	  years	  of	  effort	  using	  
experimental	  molds	  with	  either	  single	  or	  double	  cavities.	  	  While	  in	  production,	  however,	  a	  
multi-­‐cavity	  (typically	  30	  or	  even	  40	  cavities)	  mold	  had	  to	  be	  used	  to	  achieve	  the	  goal	  of	  low	  
cost.	  	  It	  was	  found	  then	  that	  most	  cavities	  far	  from	  the	  gate	  (where	  the	  molten	  polymer	  enters)	  
either	  could	  not	  be	  filled	  or	  the	  molded	  parts	  contained	  severe	  defects.	  	  At	  the	  time,	  there	  was	  
no	  quick-­‐and-­‐easy	  solution	  to	  the	  manufacturing	  problem	  other	  than	  continuously	  using	  the	  
trial-­‐and-­‐	  error	  method.	  	  As	  a	  result,	  Kodak	  management	  had	  to	  put	  on	  hold	  the	  official	  
announcement	  of	  the	  new	  product	  to	  the	  Wall	  Street	  while	  waiting	  for	  the	  solution	  of	  this	  
manufacturing	  problem.	  
This	  story	  was	  told	  by	  the	  then	  CEO	  of	  Kodak	  who	  is	  a	  Cornell	  alumnus	  serving	  on	  the	  Advisory	  
Board	  to	  the	  Dean	  of	  Eng.,	  Prof.	  Edmund	  Cranch,	  at	  Cornell.	  	  The	  Dean	  was	  asked	  whether	  it	  
would	  be	  possible	  for	  academia	  to	  help	  develop	  some	  scientific	  basis	  for	  mold	  design	  and	  
process	  control	  so	  that	  they	  would	  not	  be	  “at	  the	  mercy	  of	  a	  handful	  of	  so-­‐called	  experts	  at	  
Kodak	  the	  next	  time	  a	  similar	  situation	  may	  arise	  again”.	  	  	  The	  message	  was	  passed	  on	  to	  
Howard	  McManus	  and	  then	  to	  K.	  K.	  Wang	  for	  consideration.	  	  	  The	  challenge	  was	  taken	  seriously	  
and	  internal	  discussions	  were	  started	  with	  colleagues	  in	  the	  School	  of	  Chem.	  Eng.	  as	  well	  as	  the	  
Dept.	  of	  Material	  Science	  &	  Eng.	  	  	  Through	  the	  effort	  of	  Don	  Gordon,	  Director	  of	  Industrial	  
Liaison	  in	  the	  Dean’s	  office,	  a	  number	  of	  mutual	  visits	  and	  discussions	  were	  held	  with	  the	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technical	  persons	  at	  Kodak.	  	  A	  formal	  proposal	  was	  submitted	  to	  Kodak	  and	  reviewed	  and	  
agreed	  upon	  by	  their	  technical	  personnel	  but	  was	  finally	  rejected	  (See	  Exhibit	  1)	  by	  its	  
management	  primarily	  due	  to	  problems	  of	  patent	  rights	  and	  ownership	  of	  other	  intellectual	  
properties	  possibly	  generated	  by	  the	  research.	  	  As	  a	  result,	  it	  was	  decided	  to	  submit	  a	  proposal	  
to	  NSF	  for	  possible	  support.	  
	  
First	  Support	  from	  NSF/RANN	  Program	  
In	  the	  early	  1970s,	  right	  after	  the	  first	  oil	  shock,	  the	  nation	  was	  facing	  three	  major	  problems:	  	  
energy,	  the	  environment,	  and	  productivity.	  	  To	  study	  these	  problems,	  the	  Engineering	  
Directorate	  of	  NSF	  initiated	  an	  exploratory	  program	  named	  RANN	  (Research	  Applied	  for	  
National	  Needs)	  with	  very	  limited	  funding.	  	  	  Apart	  from	  traditional	  NSF	  funded	  projects	  for	  basic	  
research,	  the	  RANN	  program	  also	  invited	  industrial	  participation	  in	  its	  review	  and	  monitoring	  
processes.	  	  Once	  starting,	  it	  didn’t	  take	  long	  for	  the	  RANN	  program	  to	  realize	  that	  energy	  and	  
environmental	  problems	  were	  so	  large	  and	  basic	  that	  separate	  agencies	  in	  the	  government	  
might	  be	  needed	  to	  handle	  them.	  	  In	  fact,	  that	  subsequently	  led	  to	  the	  government	  decision	  of	  
establishing	  the	  DOE	  and	  EPA	  to	  deal	  with	  those	  problems	  separately.	  	  	  	  
The	  problems	  of	  productivity,	  however,	  were	  of	  a	  different	  nature.	  	  	  The	  annual	  rate	  of	  
productivity	  increase	  in	  the	  U.S.	  after	  WWII	  had	  been	  around	  3%	  or	  slightly	  above.	  	  However,	  
the	  rate	  in	  our	  competing	  countries,	  particularly	  Germany	  and	  Japan,	  was	  much	  higher.	  	  
Although	  the	  absolute	  values	  of	  productivity	  in	  those	  countries	  were	  still	  much	  lower	  then,	  it	  
would	  not	  take	  long	  to	  catch	  up	  or	  even	  surpass	  us.	  	  Nevertheless,	  after	  a	  few	  hearings	  held	  at	  
the	  US	  Congress	  with	  the	  participation	  of	  industrial	  executives,	  it	  was	  concluded	  that	  
productivity	  was	  a	  problem	  for	  the	  private	  sector	  to	  cope	  with	  and	  there	  was	  no	  need	  for	  
government	  intervention.	  	  As	  a	  result,	  most	  research	  projects	  supported	  by	  RANN	  were	  all	  
related	  to	  productivity	  problems	  such	  as	  production	  automation,	  basic	  research	  on	  
manufacturing	  processes,	  or	  production	  systems.	  
Along	  with	  researchers	  from	  industry,	  K.	  K.	  Wang	  was	  invited	  (primarily	  because	  of	  his	  
background	  in	  industrial	  automation)	  to	  participate	  in	  the	  review	  process	  of	  a	  few	  early	  projects	  
supported	  by	  RANN.	  	  In	  1974,	  Wang	  was	  invited	  to	  attend	  the	  first	  grantees	  conference	  (Named	  
as:	  the	  “Industrial	  Automation	  Conference”)	  held	  at	  Stanford	  University	  with	  a	  relatively	  small	  
group	  of	  attendees	  (See	  Exht.	  2)	  from	  universities	  as	  well	  as	  industries.	  	  After	  that	  conference,	  
McManus	  and	  Wang	  decided	  to	  submit	  their	  own	  proposal	  on	  injection	  molding	  to	  RANN.	  	  	  The	  
objectives	  of	  the	  proposal	  were	  somewhat	  similar	  to	  the	  one	  sent	  to	  Kodak	  before,	  but	  with	  
much	  more	  technical	  detail	  in	  its	  contents.	  	  In	  the	  meantime,	  a	  number	  of	  other	  companies	  
who	  were	  heavily	  involved	  in	  using	  the	  injection	  molding	  process	  were	  also	  visited,	  including	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Xerox,	  Ford,	  Whirlpool,	  and	  a	  few	  others.	  	  	  The	  purpose	  of	  having	  	  more	  industrial	  participation	  
was	  to	  gain	  better	  understanding	  of	  the	  problems	  as	  viewed	  from	  the	  scientific	  perspective,	  
and	  in	  the	  meantime,	  searching	  for	  their	  possible	  support	  (such	  as	  conducting	  experiments,	  etc.	  
in	  the	  early	  stage)	  in	  case	  we	  did	  receive	  funding	  from	  NSF.	  	  The	  responses	  from	  them	  were	  
mostly	  positive,	  and	  two	  of	  them	  (Kodak	  and	  Xerox)	  were	  willing	  to	  write	  a	  letter	  of	  support	  
attached	  to	  the	  proposal.	  
The	  proposal	  was	  accepted	  by	  NSF	  and	  the	  project	  started	  on	  July	  1,	  1974	  under	  Grant	  #	  
7411490.	  	  Unfortunately,	  Prof.	  Howard	  McManus	  passed	  away	  suddenly	  even	  before	  the	  award	  
was	  granted.	  	  	  In	  his	  place,	  Profs.	  S.F.	  Shen	  of	  MAE	  and	  James	  Stevenson	  of	  Chem.	  Eng.	  were	  
invited	  to	  be	  Co-­‐PI’s	  of	  the	  project.	  	  	  The	  NSF/RANN	  grant	  was	  continued	  through	  1979	  with	  
total	  funding	  of	  $541,100.	  	  	  After	  that,	  the	  project	  was	  continually	  supported	  by	  the	  newly	  
established	  Division	  of	  Manufacturing	  and	  Systems	  within	  the	  Engineering	  Directorate	  of	  NSF.	  	  
With	  several	  slightly	  different	  project	  titles,	  the	  program	  was	  uninterruptedly	  supported	  by	  NSF	  
under	  a	  total	  of	  11	  grants	  with	  a	  total	  funding	  of	  over	  3.6	  million	  dollars	  from	  1974	  through	  
1998	  (See	  Exht.	  3).	  	  The	  exceptionally	  long	  support	  for	  a	  single	  project	  at	  NSF’s	  Engineering	  
Directorate	  was	  due	  to	  the	  fact	  that	  CIMP	  was	  the	  first	  project	  which	  was	  receiving	  broad	  
industrial	  support	  and	  producing	  results	  significantly	  affecting	  industrial	  practices.	  	  In	  fact,	  NSF	  
treated	  CIMP	  as	  a	  role	  model	  for	  guiding	  future	  projects	  in	  the	  design	  and	  manufacturing	  area	  
during	  that	  period	  of	  time.	  	  
	  
Goals	  and	  Approaches	  Set	  for	  the	  Program	  
From	  the	  very	  beginning,	  our	  goal	  has	  been	  to	  establish	  a	  scientific	  base	  for	  the	  injection	  
molding	  process.	  	  With	  that,	  one	  would	  be	  able	  to	  handle	  the	  mechanics	  of	  the	  process,	  and	  
thereby,	  a	  mold	  used	  in	  the	  process	  could	  be	  designed	  and	  the	  process	  be	  controlled	  based	  on	  
scientific	  laws	  rather	  than	  only	  past	  experience.	  	  	  However,	  like	  most	  material-­‐forming	  
processes	  used	  in	  industry,	  the	  material	  undergoes	  rapid	  transformations	  from	  its	  original	  form	  
to	  a	  final	  shape.	  	  	  The	  mechanics	  of	  transformation	  are	  usually	  not	  well	  understood	  from	  a	  
scientific	  viewpoint.	  	  Injection	  molding	  starts	  with	  solid	  plastic	  particles	  being	  first	  heated	  in	  the	  
barrel	  of	  the	  machine	  through	  primarily	  external	  heating	  and	  mixing	  by	  a	  rotating	  screw	  inside	  
of	  the	  barrel.	  	  They	  become	  a	  homogeneous	  but	  highly	  viscous	  fluid	  accumulated	  in	  front	  of	  the	  
screw.	  	  	  The	  polymer	  melt,	  a	  viscoelastic	  fluid,	  is	  then	  injected	  rapidly	  by	  the	  screw	  unit	  into	  a	  
cooled	  mold	  cavity.	  	  	  In	  a	  matter	  of	  seconds,	  the	  part	  is	  solidified,	  the	  mold	  opened	  and	  the	  part	  
is	  ejected	  from	  the	  mold.	  	  	  The	  molded	  parts	  are	  all	  in	  final	  net	  shape	  without	  the	  need	  of	  any	  




Unfortunately,	  the	  transient	  property	  changes	  of	  polymeric	  materials	  undergoing	  the	  injection	  
process	  are	  too	  complex	  to	  understand.	  	  	  The	  existing	  knowledge	  on	  the	  science	  of	  rheology	  
and	  non-­‐Newtonian	  fluid	  mechanics	  were	  not	  able	  to	  analyze	  and	  make	  predictions	  of	  the	  
process	  behavior	  with	  any	  accuracy.	  	  	  Because	  the	  properties	  of	  polymer	  melts	  are	  viscoelastic	  
and	  changing	  very	  rapidly	  during	  the	  molding	  process,	  there	  is	  no	  constitutive	  equation	  which	  
can	  accurately	  represent	  the	  characteristics	  of	  the	  material	  so	  that	  the	  process	  behavior	  can	  be	  
accurately	  predicted.	  	  At	  the	  outset,	  therefore,	  we	  took	  the	  approach	  to	  make	  full	  use	  of	  all	  
existing	  knowledge	  and	  techniques	  in	  thermal	  sciences	  and	  rheology,	  and	  extend	  them	  with	  the	  
help	  of	  knowledge	  gained	  through	  a	  series	  of	  specially	  designed	  experiments.	  	  	  Through	  these	  
experiments,	  we	  gained	  insight	  as	  to	  whether	  some	  assumptions	  made	  in	  theory	  are	  justifiable	  
or	  should	  be	  modified.	  	  All	  theoretical	  analyses	  had	  to	  be	  verified	  by	  experimental	  results.	  	  	  
During	  this	  process,	  we	  developed	  two	  instruments	  which	  are	  necessary	  to	  characterize	  the	  
basic	  material	  properties	  needed	  for	  flow	  analyses.	  	  	  One	  is	  to	  determine	  the	  thermal	  
conductivity	  of	  polymer	  melt	  as	  a	  function	  of	  temperature	  (US	  Patent	  No.	  4,861,167),	  and	  the	  
other	  is	  to	  determine	  the	  viscosity	  of	  reactive	  polymers	  as	  a	  function	  of	  temperature,	  shear	  
rate,	  and	  pressure	  (US	  Patent	  No.	  6,023,962).	  	  	  These	  instruments	  along	  with	  associated	  
simulation	  software	  are	  used	  regularly	  by	  injection	  molding	  industry	  today.	  
	  
CIMP	  Industrial	  Consortium	  	  	  
To	  follow	  up	  the	  idea	  of	  working	  with	  industry	  closely,	  we	  had	  numerous	  contacts	  with	  a	  
number	  of	  companies	  (in	  addition	  to	  Eastman	  Kodak)	  who	  have	  shown	  strong	  interest	  in	  
injection	  molding	  research.	  	  	  Such	  contacts	  included	  visits	  and	  technical	  discussions	  before	  and	  
after	  the	  NSF	  grant	  was	  awarded.	  	  	  Once	  the	  NSF	  funding	  started	  in	  July	  1974,	  a	  Project	  Steering	  
Committee	  was	  formed	  to	  provide	  suggestions	  to	  the	  research	  group	  as	  to	  the-­‐state-­‐of-­‐the-­‐art	  
of	  the	  technology	  at	  the	  time,	  and	  what	  was	  needed	  for	  the	  research.	  	  	  Initially,	  the	  Committee	  
consisted	  of	  only	  a	  handful	  of	  companies	  including	  Ford	  Motor	  (See	  Exht.4),	  Kodak,	  Xerox,	  and	  
Cincinnati	  Milacron.	  	  	  The	  first	  three	  were	  heavy	  users	  of	  the	  technology	  and	  the	  last	  was	  the	  
largest	  injection	  molding	  machine	  manufacturer	  in	  the	  U.S.	  	  In	  fact,	  Milacron	  successfully	  
developed	  a	  mini-­‐computer	  controlled	  injection	  molding	  machine	  at	  the	  time.	  	  	  By	  transferring	  
the	  CNC	  (Computer	  Numerical	  Control)	  technology	  used	  in	  machine	  tools	  for	  metal	  cutting	  
processes	  to	  injection	  molding,	  the	  Milacron	  injection	  molding	  machine	  could	  control	  as	  many	  
as	  35	  parameters	  simultaneously	  with	  a	  mini-­‐computer.	  	  Unlike	  metals,	  however,	  the	  properties	  
of	  polymers	  during	  injection	  molding	  change	  continually.	  	  There	  were	  no	  rules	  or	  
methodologies	  which	  could	  be	  used	  to	  set	  up	  only	  2	  or	  3	  key	  parameters	  so	  that	  consistent	  part	  
quality	  could	  be	  guaranteed.	  	  	  As	  a	  result,	  they	  were	  convinced	  that	  there	  was	  no	  way	  the	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process	  	  	  could	  be	  controlled	  properly	  without	  basic	  and	  scientific	  understanding	  of	  the	  process	  
dynamics.	  
	  
In	  1978,	  the	  CIMP	  Industrial	  Consortium	  was	  established.	  	  The	  main	  purpose	  for	  that	  was	  to	  
seek	  deeper	  commitment	  from	  the	  industry	  in	  support	  of	  the	  research.	  	  	  Each	  member	  
company	  was	  required	  to	  pay	  an	  initiation	  fee	  of	  $10,000	  and	  an	  annual	  membership	  fee	  of	  
$10,000.	  	  The	  membership	  was	  only	  committed	  for	  one	  year,	  but	  renewable	  annually.	  	  The	  
annual	  membership	  fee	  was	  later	  raised	  to	  $15,000.	  	  The	  founding	  members	  were	  Eastman	  
Kodak,	  Cincinnati	  Milacron,	  G.E.,	  G.M.,	  and	  Xerox.	  	  In	  1980,	  Prof.	  Wang	  was	  invited	  to	  give	  a	  
seminar	  on	  CIMP	  at	  the	  Hokkaido	  University	  in	  Japan.	  	  	  One	  of	  the	  attendees	  in	  the	  audience	  
was	  Mr.	  J.	  Akiyama	  who	  was	  the	  General	  Manager	  of	  Technology	  Center	  of	  Sony	  Corp.	  	  	  He	  was	  
apparently	  very	  impressed	  by	  the	  talk	  and	  immediately	  invited	  Wang	  to	  pay	  a	  visit	  at	  three	  
operations	  of	  Sony	  around	  the	  Tokyo	  area.	  	  The	  visit	  involved	  all	  aspects	  of	  injection	  molding,	  
from	  research	  to	  production.	  	  After	  the	  visit,	  they	  immediately	  asked	  if	  they	  could	  join	  CIMP	  
Consortium	  as	  a	  member.	  	  	  Upon	  his	  return,	  Wang	  checked	  with	  both	  NSF	  and	  all	  U.S.	  
members,	  particularly	  RCA	  and	  GE	  who	  are	  competitors	  to	  Sony.	  	  They	  all	  agreed	  to	  let	  Sony	  in	  
with	  the	  main	  motivation	  to	  find	  out	  how	  Sony	  could	  produce	  TV	  sets	  cheaper	  and	  better.	  	  As	  a	  
result,	  Sony	  became	  the	  first	  foreign	  CIMP	  Consortium	  member	  (Exht.5).	  	  	  After	  that,	  a	  flood	  of	  
major	  companies	  from	  Japan	  and	  Taiwan	  joined	  the	  consortium.	  	  The	  annual	  membership	  grew	  
steadily	  over	  the	  years	  and	  reached	  a	  peak	  of	  35	  companies	  worldwide	  in	  1986.	  	  In	  the	  same	  
year,	  the	  Advanced	  CAE	  Technology,	  Inc.	  (commonly	  called	  C-­‐MOLD)	  was	  established	  by	  a	  
former	  CIMP	  student	  with	  the	  help	  of	  CIMP	  principals.	  	  This	  helped	  CIMP	  reduce	  some	  of	  its	  
burden	  supporting	  the	  experimental	  software	  (a	  byproduct	  of	  basic	  research,	  written	  by	  
students	  and	  staff)	  for	  the	  consortium	  members.	  	  As	  a	  result,	  a	  few	  members	  dropped	  out	  of	  
their	  membership	  and	  switched	  to	  using	  the	  software	  by	  C-­‐MOLD	  which	  was	  of	  commercial	  
quality,	  more	  user-­‐friendly	  and	  well	  maintained.	  	  However,	  most	  members	  stayed	  on	  until	  the	  
consortium	  ended	  in	  1994,	  when	  K.	  K.	  Wang	  officially	  retired.	  
	  
The	  format	  of	  CIMP	  Ind.	  Consortium	  was	  set	  to	  have	  two	  consortium	  meetings	  each	  year.	  	  At	  
each	  meeting,	  CIMP	  students	  and	  staff	  reported	  their	  work	  (with	  a	  preprinted	  proceedings)	  and	  
followed	  by	  detailed	  discussions.	  	  Members	  were	  entitled	  to	  receive	  a	  copy	  of	  all	  technical	  
reports	  (published	  and	  unpublished)	  and	  source	  codes	  of	  simulation	  software	  after	  signing	  a	  
Non-­‐disclosure	  and	  Non-­‐transfer	  agreement	  (Exht.6).	  	  	  Since	  all	  work	  done	  at	  CIMP	  was	  pre-­‐
competitive,	  there	  was	  plenty	  of	  time	  at	  the	  meetings	  for	  the	  participants	  to	  mingle,	  even	  
though	  many	  of	  them	  were	  business	  competitors.	  	  A	  complete	  list	  of	  CIMP	  Industrial	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Consortium	  members	  is	  included	  in	  Exhibit.	  8,	  and	  also	  available	  at	  the	  CIMP	  website	  
www.plastemart.com/cimp/,	  under	  the	  subtitle	  of	  Industrial	  Consortium	  Members.	  
	  
Technology	  Transfer	  via	  AC	  Technology,	  Inc.	  (or	  C-­‐MOLD)	  in	  1986	  
As	  usual,	  computer	  simulation	  programs	  are	  byproducts	  of	  basic	  research.	  	  	  They	  are	  typically	  
used	  as	  tools	  to	  test	  or	  verify	  the	  theoretical	  analyses.	  	  	  Due	  to	  their	  usefulness	  for	  real-­‐world	  
applications,	  however,	  they	  became	  the	  most	  desired	  results	  by	  CIMP	  Consortium	  members.	  	  
Many	  of	  them	  began	  to	  use	  the	  software	  as	  a	  tool	  to	  help	  them	  design	  molds	  because	  they	  
were	  fairly	  accurate	  and	  powerful.	  	  	  In	  fact,	  it	  was	  considered	  by	  some	  that	  CIMP	  had	  come	  
“from	  dream	  to	  reality”	  as	  described	  in	  its	  brochures	  published	  in	  celebration	  of	  its	  15th	  and	  
20th	  anniversaries	  (See	  Exhts.7	  &	  8).	  	  As	  a	  consequence,	  it	  happened	  quite	  often	  that	  users	  of	  
the	  software	  called	  in	  CIMP	  for	  help	  when	  they	  were	  using	  those	  programs.	  	  That	  became	  a	  
significant	  burden	  for	  CIMP	  staff	  and	  students	  to	  cope	  with	  such	  a	  situation.	  
In	  1986,	  one	  of	  CIMP’s	  early	  PhD	  students,	  Dr.	  V.W.	  Wang,	  was	  interested	  in	  starting	  a	  company	  
to	  develop	  commercial-­‐quality	  software	  to	  serve	  the	  industry.	  	  One	  of	  the	  main	  reasons	  for	  him	  
to	  do	  this	  was	  that	  the	  CIMP	  version	  of	  the	  mold-­‐filling	  program	  was	  a	  byproduct	  of	  his	  thesis.	  	  
After	  turning	  down	  a	  few	  job	  offers	  from	  CIMP	  member	  companies,	  he	  decided	  to	  start	  a	  
company	  aiming	  at	  transferring	  and	  extending	  the	  basic	  technologies	  from	  CIMP	  to	  serve	  the	  
industry	  with	  high	  quality	  products	  and	  services.	  	  To	  avoid	  any	  possible	  conflict	  of	  interest,	  he	  
first	  donated	  the	  source	  code,	  copy-­‐righted	  in	  his	  name,	  in	  his	  thesis	  to	  Cornell	  Research	  
Foundation	  (CRF	  later	  licensed	  the	  software	  to	  Graftec,	  Inc.,	  an	  early	  CIMP	  member	  and	  an	  
engineering	  software	  company).	  	  He	  then	  rewrote	  the	  mold-­‐filling	  program,	  named	  C-­‐FLOW,	  as	  
the	  first	  product	  of	  AC	  Technology.	  	  	  Several	  CIMP	  member	  companies	  quickly	  acquired	  the	  
commercial	  software	  while	  maintaining	  as	  CIMP	  members.	  	  	  Subsequently,	  AC	  Technology	  
further	  developed	  C-­‐PACK	  and	  C-­‐COOL	  packages	  to	  handle	  the	  simulation	  of	  packing	  and	  
cooling	  phases	  of	  the	  entire	  injection	  molding	  process.	  	  	  Furthermore,	  the	  company’s	  materials	  
laboratory	  provided	  material	  properties	  data	  for	  any	  specific	  grade	  of	  polymer	  which	  are	  
necessary	  for	  using	  the	  simulation	  programs.	  	  	  As	  a	  result,	  C-­‐MOLD,	  as	  it	  was	  called	  in	  business,	  
became	  the	  technology	  leader	  in	  the	  field	  worldwide.	  	  	  They	  were	  one	  of	  the	  earliest	  spin-­‐off	  
companies	  from	  Cornell	  as	  listed	  in	  the	  pamphlet,	  “Small	  Business	  Development”	  published	  by	  
Cornell	  University	  in	  1997	  (Exht.	  9).	  
As	  the	  accuracy	  of	  the	  simulation	  programs	  was	  proven	  very	  satisfactory	  for	  handling	  most	  
industrial	  applications,	  popularity	  of	  using	  C-­‐MOLD	  as	  a	  mold	  design	  tool	  grew	  very	  quickly.	  	  
Early	  practices	  based	  on	  trial-­‐and-­‐error	  experiences	  through	  numerous	  mold	  trials	  were	  not	  
only	  costly,	  but	  also	  time	  consuming.	  	  Developing	  a	  production	  mold	  for	  a	  laptop	  computer	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casing	  typically	  took	  at	  least	  3	  to	  6	  months.	  	  	  A	  large	  plastic	  part	  like	  a	  bumper	  or	  an	  instrument	  
panel	  for	  a	  car	  would	  take	  6	  months	  to	  a	  year	  and	  could	  cost	  millions	  of	  dollars.	  	  With	  the	  
simulation	  tools,	  the	  task	  has	  been	  reduced	  to	  days	  or	  even	  hours,	  and	  a	  physical	  mold	  trial	  is	  
often	  not	  necessary.	  	  	  This	  is	  why	  many	  plastic	  parts,	  particularly	  used	  today	  in	  consumer	  
electronics	  like	  cell	  phones,	  laptop	  computers,	  or	  TV	  sets,	  can	  be	  produced	  so	  quickly	  and	  
cheaply.	  	  As	  a	  result,	  C-­‐MOLD	  started	  from	  a	  one-­‐man	  operation	  in	  1986	  to	  a	  global	  company	  
with	  branches	  and	  agents	  all	  over	  the	  world.	  	  	  In	  year	  2000,	  C-­‐MOLD	  was	  merged	  to	  Moldflow,	  
Inc.,	  a	  company	  originated	  from	  Australia	  and	  then	  bought	  by	  a	  Boston-­‐based	  venture-­‐capital	  
company.	  	  Moldflow	  was	  later	  acquired	  by	  Autodesk,	  Inc.,	  a	  major	  engineering	  software	  
company.	  	  
	  
Projects	  in	  Later	  Years	  of	  CIMP	  
After	  his	  official	  retirement	  in	  1993,	  Professor	  K.	  K.	  Wang	  continued	  working	  at	  CIMP	  for	  
another	  10	  years.	  	  	  There	  were	  three	  major	  projects	  (all	  extensions	  of	  early	  work)	  during	  that	  
period:	  the	  first	  was	  the	  “Net-­‐Shape	  Die	  Casting	  of	  Complex	  Parts”	  (a	  new	  process	  later	  named	  
as	  Rheomolding),	  the	  second	  was	  the	  “Pressurized	  Underfill	  Encapsulation	  of	  Flip	  Chip	  on	  
Board”,	  and	  the	  third	  one	  was	  named	  IMS	  (Integrated	  Molding	  System).	  	  	  The	  first	  two	  were	  
supported	  by	  NSF	  with	  two	  separate	  grants	  while	  the	  last	  one	  was	  supported	  partly	  by	  a	  subset	  
of	  a	  few	  CIMP	  Consortium	  members	  with	  strong	  interest	  in	  process	  control.	  	  	  They	  include	  
Moog/Japan,	  United	  Technology	  Research	  Center,	  and	  Philips	  DAP	  from	  the	  Netherlands.	  	  	  	  
Die	  casting	  of	  metals	  has	  been	  a	  well	  established	  mass-­‐production	  process	  for	  making	  metal	  
(with	  relatively	  low	  melting	  temperature)	  parts.	  	  	  However,	  because	  the	  molten	  metal	  flows	  like	  
water	  (a	  Newtonian	  fluid	  in	  a	  technical	  sense)	  it	  has	  to	  be	  injected	  into	  the	  die	  very	  quickly	  
before	  it	  freezes.	  	  The	  so-­‐called	  turbulent	  flow	  taking	  place	  in	  the	  die	  cavity	  often	  causes	  
porosity	  problems	  in	  the	  part	  which	  are	  not	  acceptable.	  	  	  A	  common	  remedy	  to	  the	  problem	  is	  
to	  over-­‐feed	  the	  die	  cavity	  by	  pushing	  the	  porous	  portion	  out	  first,	  and	  then	  remove	  them	  later	  
by	  a	  second	  operation.	  	  	  Therefore,	  die-­‐casting	  is	  not	  a	  “net-­‐shape”	  process	  like	  the	  injection	  
molding	  of	  plastics.	  	  	  In	  the	  late	  1960’s,	  researchers	  at	  MIT’s	  Material	  Science	  Dept.	  came	  up	  
with	  the	  idea	  of	  so-­‐called	  “semi-­‐solid”	  metals.	  	  They	  found	  that	  when	  the	  molten	  metal	  is	  slowly	  
cooled	  down	  through	  its	  melting	  point	  while	  being	  mechanically	  agitated,	  small	  particles	  are	  
gradually	  formed	  and	  suspended	  in	  the	  fluid	  which	  then	  becomes	  a	  mushy	  semi-­‐solid	  state.	  	  	  
The	  fluid	  in	  this	  state	  has	  much	  higher	  viscosity	  than	  molten	  metals,	  and	  its	  viscosity	  depends	  
on	  the	  solid	  fraction	  in	  the	  fluid	  which	  could	  be	  controlled	  by	  the	  cooling	  process.	  	  CIMP’s	  idea	  
and	  new	  invention	  in	  this	  regard	  was	  to	  extend	  the	  idea	  of	  injection	  molding	  to	  treat	  the	  semi-­‐
solid	  metal	  fluids	  like	  polymer	  melts.	  	  The	  new	  invention	  uses	  existing	  injection	  molding	  
machine	  configurations,	  but	  modified	  by	  changing	  its	  heating	  elements	  around	  the	  machine	  
9	  
	  
barrel	  into	  cooling	  jackets.	  	  	  Therefore,	  instead	  of	  heating	  the	  solid	  polymer	  particles	  as	  in	  
injection	  molding	  when	  they	  enter	  the	  machine	  barrel,	  the	  molten	  metal	  are	  moved	  forward	  by	  
a	  rotating	  screw	  while	  being	  cooled	  gradually	  by	  the	  cooling	  jacket.	  	  During	  the	  process,	  solid	  
particles	  are	  continually	  formed	  and	  transported	  to	  the	  tip	  of	  the	  screw	  before	  being	  injected	  
into	  the	  mold.	  	  	  Because	  of	  the	  relatively	  high	  viscosity	  of	  the	  semi-­‐solid	  fluid,	  the	  injection	  
speed	  is	  much	  lower.	  	  As	  a	  result,	  it	  is	  a	  laminar	  flow	  which	  pushes	  all	  air	  out	  of	  the	  mold	  cavity	  
to	  achieve	  a	  net-­‐shape	  and	  precision	  part	  without	  the	  need	  for	  a	  second	  operation.	  	  The	  new	  
process	  was	  named	  as	  Rheomolding	  and	  details	  are	  given	  in	  the	  US	  Patent	  No.	  5501266,	  
entitled	  “Method	  and	  apparatus	  for	  injection	  molding	  semi-­‐solid	  metals”,	  awarded	  in	  March	  
1996	  to	  Cornell	  Research	  Foundation.	  	  The	  patent	  was	  later	  licensed	  to	  the	  Industrial	  
Technology	  and	  Research	  Institute	  (ITRI),	  a	  government-­‐supported	  research	  organization	  in	  
Taiwan.	  
The	  Pressurized	  Underfill	  Encapsulation	  of	  Flip-­‐Chip-­‐On-­‐Board	  is	  another	  extension	  of	  injection	  
molding	  technology.	  	  It	  was	  developed	  at	  the	  time	  when	  the	  semiconductor	  industry	  was	  
advancing	  its	  packaging	  techniques	  from	  wire-­‐bonding	  (signals	  in	  and	  out	  from	  a	  micro-­‐chip	  
through	  a	  series	  of	  fine	  wires	  around	  the	  edges	  of	  the	  chip)	  to	  Flip-­‐Chip	  where	  all	  the	  I/O	  
connects	  come	  out	  from	  the	  bottom	  of	  the	  chip	  which	  can	  be	  directly	  inserted	  onto	  the	  board.	  	  
However,	  the	  high-­‐density	  matrix	  of	  the	  fine	  pins	  also	  need	  protection	  by	  filling	  the	  gap	  with	  
polymer	  encapsulates.	  	  The	  traditional	  encapsulation	  process	  lets	  the	  liquid	  reactive	  polymer	  be	  
sucked	  into	  the	  gap	  primarily	  	  by	  the	  forces	  of	  gravity	  and	  surface	  tension.	  	  After	  filling,	  the	  
boards	  are	  put	  in	  an	  oven	  for	  curing.	  	  The	  whole	  process	  is	  very	  time	  consuming	  and	  costly.	  	  
CIMP’s	  idea	  was	  to	  enclose	  the	  chip	  into	  a	  closed	  mold	  first,	  and	  then	  inject	  the	  encapsulate	  
under	  pressure	  and	  cure	  it	  in	  place.	  	  It	  was	  estimated	  that	  the	  total	  cycle	  time	  could	  be	  reduced	  
by	  almost	  two	  orders	  of	  magnitude.	  	  The	  process	  is	  detailed	  in	  the	  US	  Patent	  No.	  5817545	  
entitled	  “Pressurized	  Underfill	  Encapsulation	  of	  Integrated	  Circuits”,	  granted	  to	  Cornell	  
Research	  Foundation	  in	  Oct.	  1998.	  	  
The	  intent	  of	  IMS,	  or	  the	  Integrated	  Molding	  System,	  was	  to	  complete	  our	  idea	  of	  having	  the	  
production	  of	  plastic	  parts,	  from	  design	  to	  manufacturing,	  fully	  integrated	  and	  automated.	  	  It	  
was	  hoped	  that	  the	  computer-­‐based	  system	  could	  produce	  plastic	  parts	  automatically	  without	  
the	  attendance	  of	  a	  machine	  operator.	  	  	  In	  essence,	  IMS	  was	  built	  based	  on	  the	  concept	  of	  
Concurrent	  Engineering.	  	  	  Once	  the	  design	  of	  the	  part	  is	  finalized,	  the	  preferred	  initial	  process	  
condition	  can	  be	  generated	  via	  process	  simulation	  which	  in	  turn	  could	  be	  used	  to	  set	  up	  the	  
machine	  controller.	  	  	  	  A	  system	  has	  been	  developed	  and	  tested	  successfully	  for	  simple	  parts	  like	  
a	  flat	  plate	  or	  disk.	  	  	  By	  monitoring	  online	  the	  momentary	  mold-­‐separation	  at	  micron	  level	  
during	  the	  packing	  phase	  of	  the	  process,	  the	  variation	  of	  part	  thickness,	  or	  weight,	  due	  to	  the	  
batch-­‐to-­‐batch	  material	  property	  change	  and	  other	  uncontrollable	  process	  conditions	  was	  
drastically	  reduced.	  	  	  Details	  are	  given	  in	  the	  Technical	  Report,	  TR-­‐92.	  	  For	  parts	  of	  complex	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shape,	  however,	  the	  challenge	  remains	  to	  find	  an	  effective	  way	  of	  monitoring	  part	  quality	  
online	  which	  is	  necessary	  for	  feedback	  in	  a	  closed-­‐loop	  control	  system.	  
	  
Impact	  on	  Industry	  
CIMP	  was	  a	  pioneer	  of	  university	  research	  in	  close	  collaboration	  with	  industry	  aimed	  at	  solving	  
a	  real-­‐world	  manufacturing	  problem.	  	  It	  was	  known	  then	  and	  still	  is	  true	  now	  that	  
manufacturing	  processes	  in	  the	  real	  world	  are	  hard	  to	  analyze	  and	  predict	  based	  on	  first	  
principles.	  	  This	  is	  particularly	  true	  for	  polymeric	  materials	  for	  which	  the	  properties	  are	  too	  
complex	  to	  model	  during	  processing.	  	  By	  extending	  existing	  knowledge	  in	  such	  fields	  as	  non-­‐
Newtonian	  fluid	  mechanics,	  heat	  transfer,	  rheology,	  and	  with	  inventions	  of	  new	  instruments	  for	  
characterizing	  material	  properties,	  CIMP	  succeeded	  in	  achieving	  that	  goal.	  	  Today,	  commercial	  
software	  based	  on	  CIMP	  results	  can	  predict	  the	  behavior	  of	  injection	  molding	  process	  
accurately,	  and	  is	  used	  by	  industry	  extensively	  throughout	  the	  world.	  	  Now,	  the	  so-­‐called	  mold	  
trials	  which	  used	  to	  take	  weeks	  or	  months	  in	  the	  mold	  shop	  can	  be	  done	  in	  hours	  or	  days	  on	  
computer	  with	  better	  results.	  	  In	  fact,	  CIMP	  research	  has	  resulted	  in	  great	  impact	  on	  such	  
industries	  as	  consumer	  electronics,	  automotive	  and	  many	  others	  who	  can	  put	  their	  new	  
products	  on	  market	  cheaper	  and	  faster.	  
	  
CIMP	  Website	  
After	  K.	  K.	  Wang’s	  final	  retirement	  in	  2004,	  the	  CIMP	  Website	  was	  moved	  out	  of	  the	  Cornell	  
University	  site	  and	  linked	  to	  Plastemart.com	  as,	  www.plastemart.com/cimp/.	  	  	  Plastemart.com,	  
founded	  by	  a	  former	  CIMP	  student,	  is	  an	  Internet	  portal	  based	  in	  India	  and	  specializes	  in	  
plastics.	  	  They	  provide	  maintenance	  of	  the	  site	  and	  the	  site	  has	  been	  used	  as	  a	  platform	  of	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